Purpose This retrospective study was conducted for comparison of survival outcomes and toxicities of autologous stem cell transplantation (ASCT) based on the use of total body irradiation (TBI) as a part of the conditioning regimen in patients with mature T-and natural killer (NK)-cell lymphomas.
Introduction
High-dose chemotherapy might eradicate residual tumor cells that survive conventional chemotherapy; therefore, high-dose chemotherapy followed by autologous stem cell transplantation (ASCT) has been used as a consolidation treatment for patients with lymphoma. This benefit of ASCT has been proven in a relapse setting; better outcomes were observed for patients with relapsed lymphoma after receiving ASCT than with salvage treatment alone [1] . Based on this demonstrated efficacy of ASCT, upfront ASCT has been recommended for patients with mature T-cell lymphomas due to the high probability of relapse after induction treatment [2, 3] . A recent prospective study conducted by the Nordic Lymphoma Group reported encouraging outcomes with upfront ASCT in newly diagnosed T-cell lymphomas [4] . Given that the outcome of ASCT mainly depends on the efficacy of the high-dose chemotherapy used as the conditioning regimen, development of an effective conditioning regimen seems to be important for improving the treatment outcome of ASCT. However, there is no consensus regarding the best conditioning regimen for ASCT in patients with T-cell lymphoma, and previous studies using various conditioning regimens for ASCT reported a 5-year survival outcome of approximately 50% [5] [6] [7] [8] . Total body irradiation (TBI) has been used as a component of the conditioning regimen for ASCT because of its antitumor effect. However, the use of TBI has some limitations due to lack of availability in all transplantation centers and its use might increase toxicity. As a result, TBI was replaced with radiomimetic agents such as busulfan in many conditioning regimens. However, given the radiosensitivity of T-cell lymphoma cells, TBI could still be a useful treatment modality. A previous prospective study reported 3-year overall survival (OS) of 48% after TBI-containing high-dose chemotherapy followed by upfront ASCT in 83 patients with T-cell lymphoma [9] . A recent retrospective study analyzing the outcome of extranodal natural killer (NK)/T-cell lymphoma patients undergoing upfront ASCT with various conditioning regimens including TBI also reported 3-year OS of 60% [10] . Despite many studies reporting survival outcomes of ASCT in newly diagnosed as well as relapsed or refractory T-cell lymphoma patients, there were few data regarding the comparison of survival outcomes according to type of conditioning regimens in patients with mature T-and NK-cell lymphomas [11] [12] [13] . Therefore, we analyzed consecutive patients who underwent ASCT in the upfront and salvage setting for mature T-and NK-cell lymphomas, and compared survival outcomes based on the use of TBI as a part of the conditioning regimen.
Materials and Methods

Study design and patients
This is a retrospective study analyzing survival outcomes of patients with T-and NK-cell lymphoma who underwent ASCT in the upfront or salvage setting. All patients received various high-dose chemotherapy regimens with or without TBI as a conditioning treatment for ASCT. The primary objective was to compare progression-free survival (PFS) after ASCT based on the use of TBI as a part of the conditioning regimen for ASCT. Thus, patients undergoing ASCT after TBI-containing conditioning regimen were designated as the "TBI group" whereas patients undergoing ASCT without TBI as the "non-TBI group." The secondary objective was to compare the transplantation-related morbidity and mortality between the TBI and non-TBI groups. The other secondary objectives included the comparison of survival outcomes according to the clinical situation at the time of ASCT (upfront ASCT after diagnosis vs. salvage ASCT after relapse), the response to the initial first-line treatment (responsive vs. refractory vs. relapsed disease), the subtype of mature T-and NK-cell lymphomas (T-cell lymphoma vs. extranodal NK/T-cell lymphoma [ENKTL]), and the pretransplantation disease status (complete response [CR] vs. partial response [PR] ). The medical records of consecutive patients diagnosed with mature T-and NK-cell lymphoma who underwent ASCT between January 2000 and December 2013 at Samsung Medical Center were reviewed. The inclusion criteria were as follows. First, patients should be pathologically diagnosed with mature T-and NK-cell lymphoma according to the pathology criteria of the World Health Organization [14] . Second, patients received TBI or non-TBIbased high-dose chemotherapy as a conditioning regimen for ASCT. Third, patients received induction chemotherapy with curative intent, with assessment of the response to the induction chemotherapy by conventional computed tomography (CT) and/or positron emission tomography (PET)-CT [15] . This study was approved by the Institutional Review Board of Samsung Medical Center and the requirement for signed informed consent was waived because of its retrospective nature (IRB No. 2015-12-113).
Survival outcomes
The outcome variables were OS and PFS. OS was defined as the time from the date of ASCT to the date of death from any cause or the date of the last follow-up, and PFS was defined as the time from the date of ASCT to the date of progression or relapse after ASCT or any kind of death including transplantation-related mortality. Living patients were censored on the date of the last follow-up visit, and the final updates of patient survival and disease status were completed at the time of analysis (7 Nov 2015) . The pre-and post-ASCT disease status was assessed using CT and/or PET-CT. The PET-CT protocol and positive criteria on initial PET-CT scan were previously described in detail [16] , and PET-CT was performed using one of two dedicated PET-CT scanners (Discovery LS or Discovery STE, GE Healthcare, Milwaukee, WI) without intravenous or oral contrast material.
ASCT procedure
Peripheral blood stem cell collection was achieved by Chi Hoon Maeng, TBI for ASCT in T-and NK-Cell Lymphoma intravenously per day on day 1), Bu-Cy-etoposide (busulfan 3.2 mg/kg intravenously over 3 hours per day on day 7 to day 5, etoposide 400 mg/m 2 intravenously over 3 hours per day on day 5 to day 4, and cyclophosphamide 50 mg/kg intravenously over 2 hours per day on day 3 to day 2), BuMel-etoposide (busulfan 3.2 mg/kg intravenously over 3 hours per day on day 8 to day 6, etoposide 400 mg/m 2 intravenously over 3 hours per day on day 5 to day 4, and melphalan 50 mg/m 2 over 1 hour per day on day 3 to day 2), and Bu-Mel-Thiotepa (busulfan 3.2 mg/kg intravenously over 3 hours per day on day 8 to day 6, melphalan 50 mg/m 2 intravenously over 1 hour per day on day 5 to day 4, and thiotepa 250 mg/m 2 over 2 hours per day on day 3 to day 2). Physicians decided on the conditioning regimens for each patient after considering the availability of drugs and TBI, and clinical situation of each patient.
Assessment of transplantation-related outcomes
Neutrophil engraftment was defined as the first 3 continuous days with recovery of absolute neutrophil count (ANC) > 500/mm 3 without another decrease. Platelet engraftment was defined as the first 3 continuous days with recovery of platelet count > 20,000/mm 3 without a decrease or need for repeat transfusion. Neutrophil engraftment days and platelet engraftment days were defined as the time from the day of transplantation to the first day of neutrophil/platelet engraftment. Toxicities, including febrile neutropenia and documented bacteremia, were graded according to Common Toxic Criteria of Adverse Events (CTCAE) ver. 4.0 after review of medical records. Regimen-related organ toxicities were assessed in the first 100 days from transplantation and graded according to the Seattle criteria [17] . The cumulative toxicity score was the sum of each score measured in a specific organ during the recovery time after transplantation. The length of hospitalization and 100-day mortality were also compared between the TBI and non-TBI groups. The length of hospitalization was defined as the time between the date of stem cell infusion (day 0) and discharge from the hospital and 100-day mortality was defined as any kind of death within 100 days after ASCT.
Statistical analysis
Fisher exact test was applied to determine associations between categorical variables. The Kaplan-Meier method was used in univariate analysis of survival outcomes and the results were compared using the log-rank test. The toxicity profile was compared using Fisher exact test, and in the case of numeric variables including cumulative toxicity score, the Wilcoxon rank-sum test was performed to examine statistical differences in the sum of the scores between groups (PASW ver. 18, SPSS Inc., Chicago, IL).
Results
Patients' characteristics
A total of 38 patients received TBI for ASCT (TBI group) whereas 60 patients only received high-dose chemotherapy (non-TBI group). Their characteristics at diagnosis are summarized in Table 1 . The median age at diagnosis was 43 years (range, 18 to 65 years) for the TBI group and 44 years (range, 16 to 64 years) for the non-TBI group. The median time from diagnosis to ASCT was 0.6 years (range, 0.1 to 6.7 years) and 0.5 years (range, 0.2 to 9.3 years), respectively, for the TBI and non-TBI groups. The comparison of baseline characteristics showed no significant difference between TBI and non-TBI groups except the International Prognostic Index (IPI). Thus, patients with high-intermediate/high risk of IPI accounted for a significantly higher proportion in the TBI group compared to the non-TBI group, although there were more missing data in the TBI group (Table 1) . The most common histologic type was ENKTL (n=47) and the remaining types included peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS, n=23), angioimmunoblastic T-cell lymphoma (AITL, n=11), anaplastic large cell lymphoma (ALCL, n=11), enteropathy-associated T-cell lymphoma (n=3), subcutaneous panniculitis-like T-cell lymphoma (n=2), and hepatosplenic T-cell lymphoma (n=1). Induction chemotherapy was decided on by the physician based on the treatment policy and subtypes of lymphomas. Thus, anthracyclinebased treatments such as CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) or CHOP-like regimens were mainly used for patients with PTCL-NOS, AITL, and ALCL whereas non-anthracycline-based regimens such as SMILE (steroid, methotrexate, ifosfamide, L-asparaginase, and etoposide) and VIDL (etoposide, ifosfamide, dexamethasone, and L-asparaginase) were mainly used for Values are presented as number (%). TBI, total body irradiation; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; PTCL-NOS, peripheral T-cell lymphoma, not-otherwise specified; AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; EATL, enteropathy associated T-cell lymphoma; HSTL, hepatosplenic T-cell lymphoma; SPTL, subcutaneous panniculitis-like T-cell lymphoma; ENKTL, extranodal natural killer/T-cell lymphoma; PET, positron emission tomography.
Relapse during follow-up (n=32)
Salvage chemotherapy
ASCT for responsive disease ASCT for refractory disease Salvage ASCT ASCT for relapsed disease Fig. 1 . Classification of patients according to response to induction treatment and time of autologous stem cell transplantation. CR, complete response; PR, partial response; PD, progressive disease; TBI, total body irradiation; ASCT, autologous stem cell transplantation; PTCL, peripheral T-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; ENKTL, extranodal natural killer/T-cell lymphoma. chemotherapies were repeated for these relapsed or refractory patients until achievement of CR or PR (median number of treatment regimen, 2; range, 2 to 4).
Toxicities of TBI and non-TBI-based conditioning for ASCT
The TBI group (n=38) received a single regimen, etoposide, cyclophosphamide, and TBI conditioning, whereas four conditioning regimens were used in the non-TBI group (BEAM, n=15; Bu-Cy-etoposide, n=25; Bu-Mel-etoposide, n=16; Bu-Mel-Thiotepa, n=4). The median time to neutrophil engraftment (> ANC 500/µL) and platelet engraftment (> 20,000/µL) was 10 and 11 days after stem cell infusion, respectively, in both groups ( Table 2 ). The median hospitalization period was 16 days (range, 8 to 287 days) in the TBI group and 15 days (range, 9 to 134 days) in the non-TBI group. Most cases of hospitalization longer than 60 days were related to early relapse rather than transplantationrelated morbidity. In the TBI group five patients died within 100 days from ASCT (13%, 5/38), and all deaths were associated with disease progression immediately after ASCT. In the non-TBI group, seven patients (12%, 12/60) died within 100 days, and two deaths were due to septic shock and the remaining five deaths were related to disease progression combined with infection. Most patients suffered from febrile neutropenia, but hematologic and non-hematologic toxicities were manageable, and the median cumulative toxicity score according to Seattle criteria was estimated as 2 (range, 0 to 7) in both groups. Thus, there were no cases of high-risk cumulative toxicity (Table 2 ).
Comparison of PFS between TBI and non-TBI group
As the deaths and disease relapse occurred early after ASCT, the curves of PFS and OS after ASCT showed a steep drop within 1 year after ASCT. The comparison of OS between the TBI and non-TBI groups showed no significant difference, although the survival curve for the TBI group showed a plateau ( Fig. 2A) . The TBI group also showed a trend of better PFS than the non-TBI group; however, the difference was not significant (Fig. 2B ). This pattern of survival difference was also observed in patients who underwent upfront ASCT as well as in the salvage setting ( Fig. 2C and  D) . In the subgroup analysis in patients with ENKTL and other remaining other T-cell lymphoma patients, a trend of better PFS was observed in the TBI group compared with the non-TBI group, although without statistical significance ( Fig. 2E and F) . 
Pre-transplantation disease status and outcomes of ASCT
The pre-transplantation disease status was evaluated by CT, and a review of medical records showed that all patients achieved CR or PR before ASCT (Table 1) . Patients with pretransplantation CR showed better PFS after ASCT than patients with PR, and a significant difference in PFS was observed in the non-TBI group (Fig. 3A and B) . Patients with available PET-CT scan data were dichotomized according to PET CR and PET PR, and the pre-transplantation disease status based on PET-CT showed significant association with PFS after ASCT ( Fig. 4B and E) . The clinical situation of patients could also be classified according to three groups based on their response to induction treatment: ASCT for responsive disease (upfront ASCT performed for patients with CR or PR after induction treatment); ASCT for refractory disease (ASCT performed for patients who were refractory to induction treatment but achieved CR or PR after salvage treatment); and ASCT for relapsed disease (ASCT performed for patients with relapsed disease). The median time between diagnoses to the date of ASCT was 0.4 and 0.6 years in ASCT for responsive disease and for refractory disease, respectively. On the other hand, all patients who underwent ASCT after relapse had disease sensitive to chemotherapy, and the median time to ASCT was 1.5 years. ASCT for responsive disease was designated as upfront ASCT whereas ASCT for refractory or relapsed disease was designated as salvage ASCT (Fig. 1) . Patients who underwent ASCT for responsive disease after showing CR or PR to induction treatment showed better PFS than patients who were refractory to induction treatment, although the difference was not statistically significant ( Fig. 3E and F) . In the subgroup analyses with responsive and relapsed disease, a trend of better PFS was observed in the TBI group compared to the non-TBI group, although the difference was not statistically significant ( Fig. 4A and B) . However, there was no difference in PFS regardless of TBI use in case of refractory disease (Fig. 4C) . This difference in outcome according to the use of TBI was also shown in responsive disease with ENKTL as well as relapsed disease with other T-cell lymphomas ( Fig. 4D and E) . However, the PFS of refractory disease was not different in patients with ENKTL (Fig. 4F ).
Discussion
In this study, the TBI group showed a trend of better PFS than the non-TBI group, although without statistical significance (p=0.088) (Fig. 2B ). These trends were also shown in upfront and salvage ASCT because patients who underwent TBI-containing conditioning showed a plateau on the PFS curve ( Fig. 2C and D) . The comparison of TBI and non-TBI groups in ENKTL and other T-cell lymphomas also showed a trend of better PFS in the TBI group compared with the non-TBI group (Fig. 2E and F) . Hematologic and non-hematologic toxicities were manageable, and were not significantly different between the two groups ( Table 2 ). There were no cases of engraftment failure and the median cumulative toxicity score according to the Seattle criteria was 2. The 100-day mortality rate was similar in both groups, and the main cause of death was related to disease progression rather than transplantation-related morbidity. Thus, our study showed that a TBI-containing conditioning regimen might be feasible for mature T-and NK-cell lymphoma patients in terms of efficacy and toxicity.
The pre-transplantation disease status also showed significant association with the survival outcome of ASCT. In our study achievement of CR before ASCT showed association with better survival outcomes. In particular, patients in CR state determined by PET-CT scan showed significantly better outcome than patients with PR ( Fig. 3A and B) . Our findings were supported by a recent retrospective study of 134 patients who underwent ASCT in the upfront or salvage setting; patients with CR at the time of ASCT showed significantly better OS and PFS than patients with PR [18] . Therefore, the efficacy of ASCT might be lower than expected when residual disease is detected on PET-CT. In such cases, other treatment modalities including allogenic stem cell transplantation might be a viable option, although a previous study reported that the application of allogeneic stem cell transplantation did not provide a survival advantage over ASCT in patients with PR [18] . However, in our study the survival difference between pre-transplantation CR and PR was less prominent in the TBI group compared to the non-TBI group (Fig. 3C and D) . Because the negative impact of PR before ASCT might be reduced by the application of TBIbased conditioning, this finding might support the efficacy of TBI-based conditioning. However, evaluation with further prospective studies will be required using a larger study population.
In the comparison of survival outcomes according to clinical situation, patients with refractory disease showed worse PFS than patients with responsive or relapsed disease despite undergoing ASCT in the state of CR or PR after salvage treatment ( Fig. 3E and F) . This implied that ASCT could not provide prolonged survival in patients with primary refractory to induction treatment even though they achieved response after salvage therapy. Therefore, the role of ASCT in patients with suboptimal response to induction chemotherapy might be limited and other treatment strategies such as clinical trials or allogeneic stem cell transplantation should be considered for patients with primary refractory disease. In addition, VOLUME 49 NUMBER 1 JANUARY 2017 101 the survival outcome of patients undergoing upfront ASCT for responsive disease was not significantly different from that of patients who underwent ASCT after disease relapse, particularly in patients in the TBI group (Fig. 3E) . This finding is not consistent with results of a recent study from the Swedish Lymphoma Registry reporting an association of upfront ASCT with a better OS and PFS compared to patients treated without ASCT [19] . However, these results should be interpreted with caution due to the possibility of selection bias for upfront ASCT. Patients at high risk of relapse might be more likely to undergo upfront ASCT than patients at low risk. Nevertheless, the subgroup analyses with responsive and relapsed disease showed a trend of better PFS in the TBI group compared with the non-TBI group (Fig. 4A and B) . This difference in outcome according to the use of TBI was also shown in ENKTL and other T-cell lymphomas ( Fig. 4D and E). Thus, TBI containing conditioning might be useful for upfront and salvage ASCT in patients with mature T-and NK-cell lymphoma if those patients show CR or PR to induction treatment.
Conclusion
In conclusion, the survival outcomes and toxicities of patients receiving TBI-containing conditioning regimen were comparable to those of other conditioning without TBI. In addition, patients in the state of responsive disease to induction treatment might gain a survival advantage with ASCT after TBI containing conditioning. However, a survival benefit was not observed in patients who were refractory to induction treatment. Likewise, assessment of the CR state by PET-CT immediately before ASCT could lead to prediction of better survival outcomes of patients undergoing ASCT regardless of TBI use.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
